Purpose: Previous studies have reported that FOXO6 is highly expressed in hepatocellular carcinoma (HCC) tissues and is associated with the prognosis of HCC patients. However, little research has been carried out to explore the role of FOXO6 in glycolysis of HCC cells and paclitaxel resistance. Today, along with the increasing incidence and mortality of HCC, chemotherapy resistance of HCC also poses a serious challenge. Therefore, this study was set out to investigate the effect of FOXO6 on glycolysis and cytotoxicity of paclitaxel in HCC cells and its potential mechanism. Patients and Methods: The levels of FOXO6 mRNA and protein were detected by qRT-PCR and Western blot, respectively. In addition, paclitaxel-resistant cell lines of HCC cells were established, whose activity was assessed by CCK-8 assay, among which the invasion ability was assessed by Transwell and the apoptosis rate by flow cytometry. What is more, glycolysis levels were evaluated by measuring glucose consumption and lactic acid production, and the protein levels of p-PI3K and p-protein kinase B (Akt) were determined by Western blot. Results: Compared with normal human hepatocytes, FOXO6 was highly expressed in HCC cells, which was of high real value for HCC. FOXO6 knockdown inhibited the proliferation and invasion and induced apoptosis of HCC cells. In addition, FOXO6 knockdown suppressed glycolysis, reversed resistance to chemotherapy in Hep3B/PTX cells and inactivated PI3K and Akt proteins, thus inhibiting the PI3K/Akt signaling pathway. Furthermore, it was found that when activated by 740Y-P, PI3K/Akt signaling pathway could resist the effects of FOXO6 knockdown on the cytotoxicity and glycolysis of paclitaxel in HCC cells. Vice versa, inhibition of PI3K/Akt pathway by LY294002 could resist the effect of FOXO6 overexpression on chemotherapy, cytotoxicity and glycolysis of HCC cells. Conclusion: FOXO6 knockdown can inhibit glycolysis of HCC cells and reduce their resistance to chemotherapy by inhibiting the PI3K/Akt signaling pathway, which may be a new target for the treatment of HCC.
Introduction
As a common malignant tumor, the incidence and mortality of hepatocellular carcinoma (HCC) are on the rise in recent years in parallel with the change of social environment and living habits, posing a serious threat to human life and health. 1, 2 Due to the inconspicuous early symptoms, many HCC patients are only found to be in the advanced stage once diagnosed, depriving them of the opportunity for surgery and treatment. 3 Currently, hepatic artery perfusion chemotherapy is the mainstream treatment method for HCC; however, whose efficacy and prognosis turn out to be poor due to the emergence of resistance of HCC cells. 4 Therefore, exploring the mechanism of drug resistance of HCC cells is of great clinical significance for the treatment of HCC. Paclitaxel is a pure natural tetracyclic diterpenoid compound extracted from Paclitaxel Short Leaf. As a first-line chemotherapeutic agent for a variety of tumors, it can inhibit the depolymerization of tubulin to block the mitosis of tumor cells and ultimately induce apoptosis of tumor cells and eventually induce the apoptosis of tumor cells. 5, 6 Whereas, paclitaxel displayed no obvious effect on HCC, and its drug resistance mechanism also has not been investigated. Transcription factor Forkhead box (FOXO), which includes FOXO1, FOXO3, FOXO4, and FOXO6 genes, exerts a marked effect on cell metabolism, death, and oxidative stress. 7 Previous studies 8 exhibited that FOXOs could affect insulin resistance by inhibiting the PIK3/AKt signaling pathway. Others 9 revealed the high expression of FOXO1 in
Paclitaxel-resistant ovarian cancer cells, suggesting a close link between FOXOs and chemotherapy resistance. FOXO6, as a member of the FOXO family, is expressed in mammals and is considered to play a vital part in glucose metabolism and energy balance of tumor cells like FOXO1. 10 While its difference from FOXO1 lies in that, FOXO6 was previously thought to be the least distinctive member of FOXOs, mainly acting significantly on liver, skeletal muscle and brain. 11 In addition, it was reported that FOXO6 was highly expressed in HCC and associated with poor prognosis of HCC patients. 12 However, no research has been conducted on the effect and underlying mechanism of FOXO6 in HCC cells. Integrated with the above studies, we reasonably speculated that FOXO6 may be related to paclitaxel resistance and glycolysis in HCC cells. Therefore, the biological role and mechanism of FOXO6 in paclitaxel resistance of HCC cells were investigated in the present study, aiming to provide new molecular directions and preventing resistance to chemotherapy for the treatment of HCC.
Materials and Methods

Clinical Specimens
Seventy-one patients who underwent hepatectomy in the Third Affiliated Hospital of Wenzhou Medical University hospital from February 2016 to February 2018 were collected, with an average age of (61.33±4.26) years. Paired HCC tissues and adjacent tissues normal tissue were obtained intraoperatively from all the study subjects and stored in liquid nitrogen tanks after the consent of the patients. The baseline data are shown in Table 1 . Inclusion criteria: Patients pathologically diagnosed with HCC for the first time were included in this study. In contrast, the exclusion criteria were as follows: Patients who received chemoradiotherapy, combined with other malignant tumors, severe renal dysfunction, or severe infectious disease, and those who refused to provide experimental specimens were excluded. All patients and their families agreed to participate in the experiment and signed the informed consent. All procedures performed in studies involving human participants were in accordance with the ethical standards of the Third Affiliated Hospital of Wenzhou Medical University ethics committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Institutional Review Board Statement
This study was reviewed and approved by the Third Affiliated Hospital of Wenzhou Medical University Ethics Committee.
Materials and Reagents
Human HCC cell lines HepG2, Huh-7, Hep3B, BEL-7402 and human normal hepatocyte line HL-7702 were purchased 
Culture of Resistant Cell Lines
Hep3B cells at logarithmic phase were cultured in DMEM medium containing 10%PBS, 2mm penicillin and streptomycin, and 0.05μmol/L paclitaxel was added in the medium for 24hrs at 37°C and 5% CO 2 before a triple rinse with PBS. Then, fresh culture medium was added to continue the culture until the cells resumed logarithmic growth. After that, another 0.05μmol/L paclitaxel was added for screening, followed by repeated screening with paclitaxel at the concentrations of 0.15 μmol/L, 0.155 μmol/L, and 0.25 μmol/L for 2 times. Upon the completion of the final screening, Hep3B/PTX cells were cultured in a culture medium containing 0.01 μmol/L paclitaxel to maintain drug resistance and FOXO6 intervention.
Real-Time Quantitative PCR
Firstly, the total RNA in tissues and cells was extracted with Trizol reagent. Then, 5μg of the total RNA was taken for cDNA reverse transcription according to the kit instructions, followed by the amplification of the synthesized cDNA (1μg). 
Western Blot Detection
RIPA LYSIS was used to lyse the cells and extract the total protein, and then the protein concentration was detected by BCA assay, whose procedures were as follows: The protein concentration was adjusted to 4ug/μL, electrophoretically separated by 12% SDS-PAGE before transferring to PVDF membrane, and then sealed by 5% skim milk powder for 2hrs. Next, FOXO6 (1:500), p-Akt (1:500), p-PI3K (1:500), Caspase-3 (1:500), Bax (1:500), Bcl-2 (1:500), Glut1 (1:500), HK2 (1:500), LDH-A (1:500) and β-Actin primary antibody (1:1000) were added and sealed overnight at 4°C. After that, the membrane was washed to remove the primary antibody, followed by the adding of horseradish peroxidase-labeled goat anti-rabbit secondary antibody (1:1000), then incubated at 37°C for 1h, and rinsed with PBS for 3 times, 5 min each. And then developed in a dark room, dried the extra liquid on the membrane with filter paper, and developed with ECL luminescence. Finally, the protein bands were scanned and analyzed in Quantity One software for gray value, where the relative protein expression=gray value of the target protein bands/gray value of the β-Actin protein bands.
Cell Proliferation Experiment
CCK-8 kit was adopted to evaluate cell proliferation. Cells were collected 48 hrs after transfection and diluted to 3×10 4 cells/mL. Then, they were inoculated in 96-well plates, 100μL cells per well, and cultured at 37°C with 5% CO 2 . At 0h, 24h, 48h and 72h after adherent growth, CCK8 solution of 10 mics was added to each well, and the culture was continued for 2h in an incubator with 5% CO 2 at 37°C after addition of a reagent. Then, the OD value was measured at 450 nm with a microplate reader to detect cell proliferation and plot growth curve. The experiment was repeated three times.
Evaluation of Paclitaxel IC50 in HCC Cells
Cells were inoculated in 96-well plates at the density of 1x10 5 per well, and 0.2mL paclitaxel with concentrations
.5μmol/L were added, respectively, before inoculation for 48h. Then, the culture medium was renewed, followed by the adding of CCK-8 solution to each well and then cultured in an incubator for 2h. The experiment was repeated three times. And then the absorbance of each hole was measured using SpectraMax M5 spectrometer at a wavelength of 450nm. Finally, the IC50 of paclitaxel on Hep3B/PTX cells was calculated according to the cell survival rate (GraphPad prism).
Cell Apoptosis Experiment
The transfected cells were digested with 0.25% trypsin and rinsed with PBS twice and then 100μL binding buffer was added to configure into 1*10 6 /mL suspension. After that, Annexin V-FITC and PI were added successively, incubated in the dark at room temperature for 5 mins, and detected by the FACSVerse flow cytometry system. The experiment was repeated three times to get the average value.
Cell Invasion Experiment
Cell invasion was assessed by Transwell. Firstly, 200μL DMEM culture solution containing 1x10 5 cells was added to the upper chamber, and 500 mL DMEM containing 20% FBS was added to the lower chamber and cultured at 37°C for 48h. The stroma and cells failed to cross the membrane surface were wiped and rinsed with PBS for 3 times, followed by a 10-min' fixing with paraformaldehyde, and then washed with doublesteamed water for 3 times. After drying, they were stained with 0.1% Crystal Violet Stain Solution for 10 min. Finally, the cell invasion was observed using a microscope.
Glucose Consumption and Lactic Acid Content
The collected cells were inoculated in 6-well plates at the density of 3x10 5 per well, cultured at 37°C and 5% CO 2 for 48 h. Then, the culture medium was collected for the determination of glucose consumption and lactic acid production strictly followed the corresponding kit instructions.
Statistical Analysis
The collected data were statistically analyzed using SPSS20.0 software and plotted by GraphPad 7 in the current study. An independent sample t-test was adopted for intra-group comparison and One-way ANOVA was employed for multi-group comparisons. LSD-t test was applied for posthoc pairwise comparison, MANOVA of repeated measures was used for multiple time points, and Bonferroni for post-test verification. A statistically significant difference was assumed at P<0.05.
Results
Expression and Diagnostic Value of FOXO6 in HCC
RT-PCR and Western Blot assays showed that the mRNA and protein levels of FOXO6 in HCC tissues were significantly up-regulated. The ROC curve analysis demonstrated that both the mRNA and protein of FOXO6 were more than 0.9 in the diagnosis of HCC, which indicated high diagnostic value (Figure 1 ). 
Effects of FOXO6 on Proliferation, Invasion and Apoptosis of HCC Cells
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OncoTargets and Therapy 2020:13 significant difference was observed in FOXO6 expression between the Si-NC and Sh-NC groups (P>0.05). As to the biological functions of cells in the two groups, the cells transfected with Si-FOXO6 presented markedly decreased proliferation and invasion ability, significantly increased apoptosis rate, notably decreased expression of Bcl-2 and remarkably elevated Caspase-3 and Bax protein expressions than the Si-NC group (P<0.05). While compared with the Sh-NC group, the proliferation and invasion ability of the Si-FOXO6 transfected cells increased significantly, the apoptosis rate reduced notably (P<0.05), the Bcl-2 expression elevated markedly, and Caspase-3 and Bax protein expressions decreased remarkably (P<0.05) (Figure 2 ). (Figure 3 ).
Effects of FOXO6 on Paclitaxel Toxicity
Effects of FOXO6 on Glycolysis and PI3K/ Akt Signaling in HCC Cells
The HepG2 and Hep3B cells transfected with Si-FOXO6 displayed significantly inhibited glycolysis level (P<0.05), markedly down-regulated expressions of Glut1, HK2 and LDH-A protein (P<0.05), and notably decreased expressions of p-Akt and p-PI3K (P<0.05) 
Effects of Activating PI3K/Akt Signaling Pathway on HCC Cells After FOXO6 Knockdown
After 48h treatment of untransfected HepG2 and Hep3B cells with 10μL 740Y-P (an activator of PI3K/Akt pathway), the expression of p-Akt and p-PI3K in HepG2 and Hep3B cells treated with 740Y-P increased significantly than those without (P<0.05), suggesting that 740Y-P could activate the PI3K/Akt signaling pathway. The cells transfected with Si-NC and Si-FOXO6 were then exposed to 5μL740Y-P for 48h, and then to paclitaxel at a concentration of 1.5μmol/L for 48 hrs. The results showed that Si-FOXO6 could further enhance the inhibition of paclitaxel on the proliferation, invasion and glycolysis of HepG2 and Hep3B cells, and reverse the apoptosis of HepG2 and Hep3B cells induced by paclitaxel, but this promotion effect was inhibited after adding 740Y-P. What is more, it was observed that Si-FOXO6 could further stimulate paclitaxel to increase the expression of Caspase-3 and Bax, and decrease the expression of Bcl-2, Glut1, HK 2 and LDH-A in Hep3B cells, which was consistent with the phenotype. However, after adding 740Y-P, the promotion effect was inhibited ( Figure 5 ). 
Inhibition of PI3K/Akt Signaling Pathway on HCC Cells After Overexpression of FOXO6
After 48h treatment of HepG2 and Hep3B cells with 5μL LY294002 (an inhibitor of PI3K/Akt pathway), the expressions of p-Akt and p-PI3K in HepG2 and Hep3B cells were found significantly reduced compared with those without LY294002 treatment (P<0.05). Then, the cells transfected with Sh-FOXO6 were exposed to 5μL LY294002 for 48h and then to a concentration of 0.5 μmol/L. The results revealed that Sh-FOXO6 could restore the inhibition of paclitaxel on the proliferation, invasion and glycolysis of HepG2 and Hep3B cells, and inhibited their apoptosis induced by paclitaxel, but the inhibition effect was reversed after addition LY294002. It was also observed that Sh-FOXO6 could inhibit the expression of Caspase-3 and Bax proteins in HepG2 and Hep3B cells induced by paclitaxel, while the expression of Bcl-2, Glut1, HK 2 and LDH-A protein decreased, which was consistent with the phenotype (Figure 6 ).
Discussion
Recent years have witnessed the increase in the incidence of HCC with the change of social environment. 13 Currently, chemotherapy resistance remained the main factor leading to poor therapeutic efficacy and poor prognosis in HCC patients, so it is of great clinical significance to explore the drug resistance mechanism of HCC cells. 14 In our study, FOXO6 was first demonstrated to be associated with glycolysis and paclitaxel resistance in HCC cells, whose mechanism may be achieved by affecting the PI3K/Akt signaling pathway. As a gene with specific functions, the expression of FOXO varies in different parts of tissues. For example, FOXO1 mostly expressed itself in liver tissues and adipose tissues, while FOXO4 mainly manifested in skeletal muscles and FOXO6 in liver tissues. 15, 16 The current study found that the expression of FOXO6 in HCC tissues was significantly higher than that in adjacent tissues and normal hepatocytes, which was consistent with previous studies. Further interfering with the expression of FOXO6 in HCC cells revealed that downregulation of FOXO6 expression could significantly inhibit the proliferation and invasion and promote the apoptosis of HCC cells, while the opposite effects were achieved by upregulating FOXO6 expression, suggesting that FOXO6 played an oncogenic role in HCC cells. Studies in the past indicated that FOXO6 acted as a pro-cancer factor in other tumors. For example, studies 17 demonstrated that inhibition of FOXO6 expression in breast cancer could significantly block the growth cycle of breast cancer cells. Then, in order to investigate the effect of FOXO6 on paclitaxel resistance in HCC cells, Hep3B cell lines, which were more sensitive to paclitaxel, 18 were selected to establish paclitaxel-resistant cell lines in this study. Firstly, the IC50 of paclitaxel to HepG2, Hep3B and Hep3B/PTX cells was compared, and the results showed that the IC50 of Hep3B/PTX cells was significantly higher than that of HepG2 and Hep3B cells, indicating that Hep3B/PTX had obvious resistance to paclitaxel. And then the IC50 of HepG2, Hep3B and Hep3B/PTX cells treated with FOXO6 was compared. The results revealed that downregulated FOXO6 expression could significantly increase the sensitivity of HepG2 and Hep3B cells, reverse the resistance of Hep3B/PTX cells, and reduce the IC50 of cells to paclitaxel, while up-regulated FOXO6 had the opposite effect. This is the first time that we have demonstrated that downregulation of FOXO6 expression in HCC cells can reverse the resistance of HCC cells to paclitaxel. It was well established that 19 the FOXO family regulated the several transcription targets that may affect tumor cells, response to drugs and sensitivity to drugs. Reports over the past focused more about FOXO1, FOXO3 and FOXO4, and it was believed that the fusion DNA generated between the transcription domain of FOXO and the DNA binding domain of other spouses can affect the development of tumors by fusing proteins, and the abnormal proteins after fusion can affect the transcriptional efficiency, which will lead to cell response to drugs. 20, 21 However, the mechanism of FOXO6 in tumor response to chemotherapeutic drugs remained a subject of investigation. Metabolic reprogramming is one of the major characteristics of tumors, while glycolysis being the most important manifestation of metabolic reprogramming, playing an essential part in tumorigenesis and progress. 22 Glycolysis of tumor cells can be used for energy supply to tumor cells by consuming glucose, and the generated lactic acid will be secreted outside the cell to promote the invasion and metastasis of tumor cells. 23 Therefore, digging deep into the upstream molecular mechanism of glycolysis in tumors is of great significance. In this study, downregulation of FOXO6 expression was found to inhibit the glycolysis in HCC cells significantly, which was reflected by an increase of glucose content in the cell culture medium, the decrease of lactic acid, and the decrease expressions of Glut1, HK2 and LDH-A protein in cells. Glut1, HK2, and LDH-A proteins are key molecules in the glycolysis process of cancer cells, which can affect the glucose uptake and lactic acid production of cancer cells. 24 However, up-regulation of FOXO6 expression can significantly promote glycolysis in HCC cells. Some studies 25 suggested that FOXO6 produced a marked effect in the metabolism of cancer cells, which was validated in the present study. PI3K/Akt signaling pathway is a classical pathway in tumorigenesis and development. The current study demonstrated that down-regulation of FOXO6 expression could significantly inhibit the activation of PI3K/Akt signaling pathway and vice versa, suggesting that FOXO6 may affect glycolysis and chemotherapy resistance of HCC cells by affecting the PI3K/Akt signaling pathway. In order to prove the effect of PI3K/Akt signaling pathway on HCC cells, PI3K/Akt signaling pathway was activated and intervened, and HCC cells were treated with paclitaxel to observe its effect on HCC cells. The results showed that Si-FOXO6 could further enhance the inhibition of paclitaxel on the proliferation, invasion and glycolysis of HepG2 and Hep3B cells, and reverse the apoptosis of HepG2 and Hep3B cells induced by paclitaxel, but the promotion was inhibited after the adding of 740Y-P. On the contrary, Sh-FOXO6 could restore the inhibition of paclitaxel on the proliferation, invasion and glycolysis of HepG2 and Hep3B cells, and inhibit the apoptosis of HepG2 and Hep3B cells induced by paclitaxel, but the effect was also reversed after adding LY294002. This suggested that FOXO6 might affect the glycolysis and chemosensitivity of cancer cells by affecting the PI3K/Akt signaling pathway. Some studies 26 reported that FOXO6 was able to affect the proliferation, invasion and glycolysis of colorectal cancer cells through the PI3K/Akt signaling pathway, which accorded with the phenotype observed in this study.
To sum up, knocking down FOXO6 expression can inhibit the proliferation, invasion and glycolysis of HCC cells by inhibiting the activation of PI3K/Akt signaling pathway, and reverse the drug resistance of HCC cells to paclitaxel, which may be a new molecular target for the treatment of HCC. However, this study still has room for improvement. For example, tumor formation experiment has not been conducted in nude mice, so the effect of FOXO6 on tumor size in nude mice after the intervention of paclitaxel remains unclear. Secondly, the upstream regulation mechanism of FOXO6 still waits to be explored. We will carry out more basic experiments to address these deficiencies to supplement and improve our conclusions.
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